Introduction
In an experiment to measure the D(t,()n cross section at beam energies of 10 to 120 keV, we have developed a double-compensating beam calorimeter, based on a Swiss Designl to measure the particle beam intensity. A Faraday cup is not useful because of considerable charge exchange in the target gas at such low beam energies.
We calibrated the calorimeter both with 10-and 3-MeV protons (comparing with a Faraday-cup measurement of the beam flux) and with the heat generated in a precision resistor. Both methods agree and give a calibration accurate to ±0.08% over a range of 10 to 800 mW beam power. Beam powers as low as 5 mW may be used, but with less accuracy. The beam energy must be known in order to calculate the particle intensity.
Some difficulties with and peculiarities of the device are discussed.
In an experiment to measure low-energy nuclear cross sections,2-5 we have constructed a particle beam calorimeter based on a designl by Thomann and Benn of the University of ZUrich, Switzerland. Our motive comes from the considerable charge exchange taking place in the 10-to 100-keV negative-charge deuteron and triton beams when passed through our gas targets (usually deuterium). The charge exchange precludes the use of a conventional Faraday cup to measure the beam current.
Our system is similar to the Swiss unit in physical and electronic design but differs in that we use a larger device, a different calibration method, and very low input-beam powers. We find that we can measure the beam power to an accuracy of ±0.08% over a range of 10 to 800 mW. The energy of beams with a power from 5 The resistor heat source, besides providing a calibration, was invaluable in the study of the overall response of the calorimeter. The result of the calibration is shown in Fig. 3 We constructed our gas target system so that it was electrically insulated, hoping that with careful secondary electron suppression the sum of the gas target and Faraday-cup electric currents would give a good measurement of the particle intensity. We did not succeed in this attempt. The sum of the currents gave a particle intensity that varied by ±5% with small changes in the suppression bias, when the beam had minor fluctuations in direction and intensity or changed in energy. This result verified our need for the calorimeter. 
